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NUCLEATING ADDITIVE FORMULATIONS Such compounds and compositions that provide fester 

OF BICYCLO[2 2 11HEFTANE and or higher polymer crystallization temperatures are thus 

nir ABRrtx^ATfc <5ALTS popularly known as nucleator. Such compounds are, as their 

dicarboa,yi*aa ft salis £^ utili2 ^ to provi(fe nucleation sites forcrys- 

5 tal growth during cooling of a thermoplastic molten formu- 

FIELD OF THE INVENTION lation. Generally, me presence of such micleation sites 

i ur jjj a larger number of smaller crystals. As a result of 

This invention relates to milled, small particle size, solid ^ smaller crystals formed therein, clarification of the target 
bicydo{Z2. l]heptane dicarboxylate salt-conteming thermo- mermoplastic may also be achieved* although excellent 
plastic nucleating additive formulations further apprising ^ clarity is not always a result The smaller crystal size, the 
at least one anticaking agent for improved haze reduction, j^g feg^t is scattered. In such a manner, the clarity of the 
improved nucleation performance, and prevention of poten- thermoplastic article itself can be improved. Thus, thermo- 
tial cementation (via agglomeration) of the salt component plastic nucleator compounds are very important to the 
present therein. Such small particle size dicarboxylate salts thermoplastic industry in order to provide enhanced clarity, 
provide desirable properties within thermoplastic articles, ^ physical properties and/or faster processing, 
particularly as nucleating agents, but apparently suffer from effective thermoplastic nucleator in terms of 
certain clarity issues and agglomeration problems (due to the crystallization temperatures is available from Miliiken 
fiat and thin plate structures of such compounds and the & Company under the tradename of HPN-68. Other like 
propensity they exhibit to cohere to each other during thermoplastic nucleating compounds are disclosed within 
storage), making utilization thereof less desirable for certain UjS Nos 6,455,551 and 6,534,574, bom entirely incor- 
appiications. Thus, an improvement has been provided to panted herein by reference. The HPN-68 compound is 
permit full benefit of the excellent crystallization aisodrum bu^cto[2Ji.l]lieptanedkarboxylate. Other ther- 
temperatures, stiffness, and calcium stearate compatibility moplastic nucleating agents mat exhibit appreciably lower 
such dicarboxylate salts accord within target low haze crystallization temperatures include dibenzylidenc sorbitol 
thermoplastics. Furthermore, unexpected improvements in _ compounds, such as 1 ,3-0-2,4-bis(3,4- 
dusting reduction have been found upon the utilization of dimethylbenzylidene) sorbitol (hereinafter DMDBS), avail- 
such anticaking additives in combination with the aforemen- aWc f rom Miliiken & Company under the trade name 
tioned nucleating salts. Tnerraoplasric additive compositions Millad® 3988, sodium benzoate, sodium 2,2 , -metbylcne- 
and methods of producing thermoplastics with such bis^4,6Kii-tert-butylphenyl) phosphate (from Asahi Denka 
nucleator/anricaking additive ccmbinations are also contem- Kogyo KJL, known as NA-lt), talc, cyclic bis-phenol 
plated within this invention. phosphates (such as NA-21, also available from Asahi 
BArKGftOTINn of THE PRIOR ART Ctenka), and, as taught within Patent Cooperation Treaty 
BACKGROUND OF THE PRIOR AKl Application WO 98/29494, to Minnesota Mining and 

All U.S. patents cited below are herein entirely incorpo- Manufacturing, the unsaturated compound of disodium 

rated by reference. 35 bicycla[2.Zl]heptene dicarboxylate. Such compounds all 

As used herein, the term Mermoplastic" is intended to impart relatively high poryolerln crystallization tempera- 
mean a polymeric material that will melt upon exposure to tures; however, each also exhibits its own drawback for 
sufficient heat but will retain its solidified state, but not prior large-scale industrial applications, and none can match the 
shape without use of a mold or like article, upon sufficient effectiveness of the above-noted saturated types, 
cooling. Specifically, as well, such a term is intended solely 40 Some of the above-noted nucleating agents also provide 
to encompass polymers meeting such a broad definition that clarifying properties within certain thermoplastics, such as 
also exhibit cither crystalline or semi-crystalline morphol- polypropylene (Millad® 3988, for example, and to a lesser 
ogy upon cooling after melt-formation through the use of the extent, NA-21 ). Such darification capabilities coupled with 
aforementioned mold or like article. Particular types of high peak crystallization temperatures are highly desired, 
polymers contemplated within such a definition include, 43 For certain end-uses, at least a m a ximum level of haze (for 
without limitation, polyolefms (such as polyethylene, instance, 35%) is acceptable. The previously listed dicar- 
polypropylene, polybutylene, and any combination thereof), boxylate salt nucleating agents unfortunately exhibit reia- 
polyamides (such as nylon), polyurethanes, polyester (such tivery high haze levels within polypropylene, although such 
as polyethylene terephthalate), and the like (as well as any compounds also provide excellent calcium stearate 
combinations thereof). 50 compatibility, increased stiffiiess within target thermoplastic 

Thermoplastics have been utilized in a variety of end-use articles, and certain degrees of hygroscopiciry. Thus, such 
applications, including storage containers, medical devices, compounds provide extremely desirable qualities and ben- 
food packages, plastic tubes and pipes, shelving units, and efits within target thermoplastics. Unfortunately, as noted 
the like. Such base compositions, however, must exhibit above, haze problems have limited the usefulness of such 
certain physical characteristics in order to permit widespread 53 nucleating agents within certain target end-uses, even 
use. Specifically within pofyolefins, for example, uniformly though the crystallization temperatures imparted thereby are 
in arrangement of crystals upon crystallization is a necessity extremely high. 

to provide an effective, durable, and versatile polyolefra To remedy this initial problem, haze reduction has been 
article. In order to achieve such desirable physical achieved when such saturated dicarboxylate salts have been 
properties, it has been known that certain compounds and « either spray dried to form relatively large particles, or 
compositions provide nucleation sites for poryolerm crystal jet-milled for substantially uniform small particles sizes 
growth during molding or fabrication. Generally, composi- (from 2.5-4.5 micrometers in length). However, it has unfor- 
tions containing such nucleating compounds crystallize at a tunateiy been noticed that upon producing such small par- 
much faster rate than un-nucleated polyolefra. Such crystal- tide size compounds, there is a tendency for the compounds 
lization at higher temperatures results in reduced fabrication 65 to suffer from stacking and eventual agglomeration (which 
cycle times and a variety of improvements in physical inevitably leads to cementation of the stored solid 
properties, such as, as one example, stiffiiess. " compounds), thus deleteriously affecting the ability to actu- 



Page 3 of 10 



US 6,936,650 B2 



Accordingly, this invention encompasses a thennoplastic 
additive composition comprising at least one anticaking 
compound or composition and at least one saturated metal or 
organic salts of bicyclic dicarboxylates, preferably saturated 
metal or organic salts of bicyclic dicarboxylates, preferably, 
bicydo[2^JJter^ane-dcarboxyIatcs» or, generally, com- 
pounds conforming to Formula (I) 



(0 



ally disperse, if not use altogether, such compounds in 
thermoplastic media. Additionally, during storage such com- 
pounds exhibit "growth" due to such agglomeration as well 
within the packaging container such that it has been noticed 
on regular occasions that the storage container itself 
becomes ruptured and/or damaged and the nucleator pow- 
ders leak therefrom or it becomes very difficult to remove 
the cemented product therefrom. These problems are most 
likely due to the plate-like structures such compounds 
exhibit coupled with exposure to moisture and/or humidity. 
Unlike cubic, spherical, or other like geometric shapes, such 
plate-tike configurations are highly susceptible to the afore- 
mentioned stacking problem. When such occurs, particu- 
larly in air jet-milled or spray dried, substantially uniform 
small particle-size samples, it has been realized that even a 
small amount of moisture can lead to molecular attraction 
between two plate- like structures thereof. Upon bonding, the 
ability to separate such structures is extremely difficult 
Upon stacking of a larger number of such structures, cemen- 
tation and "growth" (increase in volume wrmin a closed 

space) may occur, thereby preventing use thereof of the 20 c,-C* alkyi, hydroxy, C r Q> alkoxy, C,-C 9 alkyleneoxy, 
particular sample and/or resulting in difficulties with storage amine, and C r C 9 alkylamine, halogen, phenyl, alkyiphenyl, 



10 



15 




wherein R„ R* R*. R*» R* *» **> **> *£* ?io ** 
individually selected from the group consisting of hydrogen, 



within tightly sealed containers. Furthermore, it has been 
found in some circumstances that such cemented samples 
are bonded to such a degree that separation is, for the most 
part, impossible. Unless such small particles can actually be 
added and dispersed within target prepolymer media, the 
benefits of nuckation and possible clarification are simply 
unavailable. Thus, this cementation problem prevents effec- 
tive utilization of such an excellent thermoplastic nucleating 



and geminal or vicinal carbocyclic having up to nine carbon 
atoms, R* and R" are the same or different and are individu- 
ally selected from the group consisting of hydrogen, Q -C 30 
aikyl, hydroxy, amine, polyamine, polyoxyamine, Cy-C^ 
alkylamine, phenyl, halogen, C 1 -C 30 alkoxy, C,-C 30 
poryoxyalkyl, C(0>-NR n C{O)O-4l m , and C(0)0-R"\ 
wherein R n is selected from the group consisting of C r C 30 
alkyi, hydrogen, C r C3 0 alkoxy. and C r C^ 0 poiyoxyalkyl, 



agent, especially for purposes of imr^rting lower haze 30 and" wherein R ,n is selected from the group consisting of 

levels. hydrogen, a metal ion (such as, without limitation, Na , K , 

As such, there is a definite need to prevent plate-to-plate Li + , Ag + and any other monovalent ions), an organic cation 

interactions of individual saturated dicarboxylate salt ther- (such as ammonium as onenon-lhnitmg example), polyoxy- 

moplasuc nucleating agents, particularly during production, C 2 -C 1B -alkylene, Cj-C^ alkyi, C r C 30 aJkylene, Ci-C 30 

storage, and incorporation within target thermoplastic 33 alkyleneoxy, a steroid moiety (for example, ^olesterol), 

media, ha such a manner, it is theorized that the substantially phenyl, poryphenyl, CAo alkylhalide, and -t*, afty- 

uniform small particle-sized compounds could then impart lamine; wherein at least one of R' and R is«t^ C(0)-- 

the desired lower haze levels man for the larger and/or NR, , C(0)0— R ra or C(0)0 — R , wherem ifboth R and R 

nonuniform panicle size compound formulations. Without are 0(0)0-*"* then R m both R 1 and R" may be combined 

utUize such an 40 into a single bivalent metal ion (such as CbT 



such needed remedies, the ability to 



as one 



non-limiting example) or a single trivalent metal overhase 
(such as Al— OH, for one non-limiting example). Preferably, 
R' and R" are foe same and R m is either Na* or combined 
together for both R' and R M and Ca*\ Other possible 
45 compounds are discussed in the preferred embodiment sec- 
tion below* 

Preferably, as noted above, such a compound conforms to 
the structure of Formula (n) 



extremely effective and efficacious thermoplastic nucleating 
agent is limited to opaque end-uses. 

OBJECTS AND DETAILED DESCRIPTION OF 
THE INVENTION 

Therefore, an object of the invention is to provide a 
jet-milled or spray dried, small particle-size polyolefin 
nucleating formulation, including saturated dicarboxylate 
salts, that imparts exceptional nucleation efficacy, as indi- 
cated by very high polymer peak crystallization tempera- 50 OD 
tares within polyolefin articles, as well as improved clari- 
fication capabilities within polypropylene. Another 
objective of this invention is to provide formulations that 
exhibit extremely low hygroscopicity in onto to accord an 
extremely good shelf-stable additive composition. Yet S3 
another object of this invention is to provide a saturated 
bicyclic nucleator compoun d- containing powder formula- 
tion that does not exhibit deleterious cementation 
(compaction) anaVor growth (volume increase) during long- 
term storage. A further object of this invention is to provide 60 wherem M x and are the same or different and are 
optimum performance of the nucleating salt compound independentry selected from the group consisting of metal or 
within target thermoplastics under non-ideal mixing and organic cations or the two metal ions are unified into a single 
comrxunding conditions. Additionally, i t is an object of this metal ion (bivalent, for instance, such as calcium, for 
invention to provide thermoplastic nucleating compositions example), and R p R^ R 3 , R*. R*» R& R?* m< * ^10 

that may be used in various polyolefin media for use in 65 are mdrvidually selected from foe group consisting of 
myriad end-uses, particularly within applications that hydrogen, Ct-C* alkyi, hydroxy, C,-C$> alkoxy, C r C 9 
require haze measurements of mid-range levels. alkyleneoxy, amine, andC,-C 9 alkylamine, halogen, phenyl, 
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alkyrphenyl, and gcminal or vicinal carbocyclic having up to 
9 carbon atoms. Preferably, the metal cations arc selected 
fiora the group consisting of calcium, strontium, barium, 
magnesium, alurnmum, silver, sodium, lithium, rubidium, 
potassium, and the like. Within that scope, group land group 
n metal ions are generally preferred Among the group 1 and 
n cations, sodium, potassium, calcium and strontium are 
preferred, wherein sodium and calcium are most preferred. 
Furthermore, the Mj and M 2 groups may also be combined 
to form a single metal cation (such as calcium, strontium, 
barium, magnesium, aluminum, including monobasic 
aluminum, and the like). Although this invention encom- 
passes all stereochemical configurations of such compounds, 
the cis configuration is preferred wherein cis-endo is the 
most preferred embodiment. The preferred embodiment 
polyolefin articles and additive compositions for poryolefm 
formulations comprising at least one of such compounds, 
broadly stated as saturated bicyclic carboxylate salts, are 
also encompassed within this invention. 

As noted above, in order to develop a proper poryotefm 20 
nucleator compound or composition for industrial 
applications, a number of important criteria needed to be 
met The inventive nucleating agents meet all of these 
important requirements very well. For instance, as discussed 
in greater detail below, there irrventive salts provide excel- 23 
lent high peak crystallization temperatures in a variety of 
polyolefin formulations, particularly within random copoly- 
mer polypropylene (hereinafter RCP), impact copolymer 
polypropylene (hereinafter ICP), and homopolymer 
polypropylene (hereinafter HP). As a result, such inventive 30 
salts provide excellent mechanical properties for polyolefin 
articles without the need for extra fillers and rigidirying 
additives, and desirable processing characteristics such as 
improved (shorter) cycle time. The salts also do not interact 
deleteriously with calcium stearaie additives. 35 

The mere inclusion of an anticaking compound within a 
formulation of such a bicyclic nucleator compound is suf- 
ficient and considered inventive to prevent deleterious 
cementation and growth results during storage, hi such a 
situation, the particle sizes of such nudeators may be of any *o 
range. However, in terms of improving haze and peak 
crystallization temperature properties within thermoplastics 
in which such a nucleator is added, the presence of an 
anticaking agent is helpful, but primarily when the nucleator 
compound exhibits a relatively small particle size. As noted 43 
below, the introduction of nucleator cornpounds either i) mat 
exhibit mean particle sizes of a D95 (defined below) of at 
most about 10 microns and/or a MVD (also defined below) 
of at most 7.5, or ii) that have been high inlensity-mixed and 
blended with either the anticaking agent simultaneously or so 
within the target resin with the anticaking agent present In 
either case, it is believed, without intending on limiting the 
invention, or being bound by any specific scientific prin- 
ciples or theories, that the nucleator compounds are reduced 
in particular size to such an extent as to improve the ss 
dispersion thereof within the target resin. Hie anticaking 
agent appears to prevent agglomeration during storage as 
well as during mixing, blending, and resin production to 
provide more reliable dispersion of non-agglomerating 
nucleator compounds as a result as well Thus, no specific «o 
particle size range is required of the nucleator compounds 
during production of thermoplastics therewith, only the 
option of such a range or the equivalent of any high 
mtensity-mixing step to, in essence, grind the nucleator 
compounds to smaller particle sizes prior to incorporation $s 
within molten resins simultaneously with the necessarily 
present anticaking agent(s), Thus, for purposes of this 
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invention, the term "small particle size nucleator com- 
pound" is intended to indicate either a maximum particle 
size as noted above or high mtensity-mixing (or equivalent) 
thereof. 

As noted above, the target formulations for introducuon 
of such novel nucleating agents are thermoplastics, or more 
specifically, polyolefins. Such formulations may be utilized 
in myriad different end-uses, including without limitation, 
such broadly considered groups as fibers, thin film or 
thin-walled articles (eg., pliable wrappers, thm-walled 
' drinking cups, etc., having thicknesses between 0.1 and 15 
mils, for example), thicker plaque or other like solid articles 
(eg, fiom 15 to 150 mils in thickness), and even thicker- 
walted articles (e.g., greater than 150 mils thickness). Indi- 
vidual types of each group include, again, without 
5 limitation, either as complete articles, or as components of 
icles, the following: 

a) fibers: spun and nonwoven polyolefin, polyaniide, 
polyararaid, and the like, fibers of any denier 
measurement, as well as blends with other synthetic or 
natural fibers (eg., cotton, ramie, wool, and the like); b) 
thin film articles: cast films, candy wrappers, package 
wrappers (e.g., cigarette box wrappers, for example), 
and other like blown, extruded, or other similar type of 
film application, as well as thhvwailed articles, such as 
drinking cups, thin containers, coverings, and the like; 
c) thicker plaque or other like solid articles: deli 
containers, water cups, cooler linings syringes, 
labware, medical equipment, pipes, tubes, urinanalysis 
cups, intravenous bags, food storage containers, waste 
containers, cooler housings, automotive instrument 
panels, flower pots, planters, office storage articles, 
desk storage articles, disposable packaging (e.g., 
reheatable food containers, either thermoformed or 
thin-walled or high speed injection molded types), and 
the like; and d) even thicker-walled articles; i) auto- 
motive applications, such as door panels, instrument 
panels, body panels, fan covers, steering wheels, 
bumper &sda, fen shields, radiator shields, automotive 
mud containers, battery cases, storage compartments, 
and the like; ii) large appliances, such as refrigerator 
linings, refrigerator parts (e.g., shelves, ice machine 
housings, door handles, and the like), dishwasher 
linings, dishwasher parts (e.g., racks, pipes, tubes, door 
handles, liquid and/or solid detergent storage 
compartments), washing machine drums, washing 
machine agitators, and the like; iii) small appliances, 
such as blender housings, blender containers, toaster 
oven housings, toaster oven handles, co ffee pots, coffee 
pot housings, coffee pot handles, food processors, hair 
dryers, can openers, and the like; iv) housewares, such 
as large storage totes, large storage containers, lids ft>r 
either such totes or containers, waste baskets, laundry 
baskets, shelves, coolers, and the like; v) consumer 
products, such as furniture (e.g.» small chairs, tables, 
and the like), toys, sporting goods, disposable packag- 
ing (e.g., reheatable food containers), compact disc 
cases, DVD cases, CD-ROM cases, floppy disc 
containers, floppy disc housings, VHS tape cases, VHS 
tape housings, flower pots, planters, domes hangers, 
lawn accessories (e.g., lawn tools, and the like), garden 
accessories (e.g., garden implements), lawn mower 
housings, fuel containers, pipes, tubes, hoses, tool 
boxes, tackle boxes, luggage, conduits, lawn trimmer 
housings, large trash cans, infant car seats, infent chairs 
(e.g., for dining tables), and the like. 
The term polyolefin or polyolefin resin is intended to 
ericompass any materials comprised of at least one polyole- 



Page 5 of 10 



US 6,936,650 B2 

7 * 

fin compound. Preferred examples include isotactic and glycerin, montan waxes, mineral oil, ami the like. Basically, 

syndiotactic polypropylene, polyethylene, poly(4~methyl) any form may be exhibited by such a combination or 

pentene, polybutyknc. and any blends or copolymers composition including such combination made from 

thereof; whether high or low density in composition. The blending, agglomeration, compaction, and/or extrusion, 

polyolefin polymers of the present invention may include 5 Another alternative method of utilizing such a combustion 

aliphatic polyolcflns and copolymers made from at least one of components involves the initial addition of from 0.1 to 

aliphatic olefin and one or more ethylenically unsaturated 5% by weight of the anticaicing agent to the bicychc nuclca- 

co-monomers. Generally, the co-monomers, if present, will tor formulation. It has been found that for storage purposes, 

be provided in a miner amount, e.g., about 10 percent or less this low amount of anticaking additive provides the desired 

or even about 5 percent or less, based upon the weight of the to effect of preventing agglomeration and ultimate cementa- 

polyolefin (e.g. random copolymer polypropylene), but tion. Subsequently, then, a larger amount of anticaking agent 

copolymers containing up to 25% or more of the in the range of from 10-20% by weight, for instance, may be 

co-monomer (e.g., impact copolymers) arc also envisaged added to a bkyclic nucleator formulation during mtroduc- 

Other polymers or rubber {such as EPDM or EPR) may also tion within a target molten thermoplastic. As noted above, 

be compounded with the polyolefin to obtain the aforemen- u the high amount of anticaking agent appears to contribute to 

toned characteristics. Such co-monomers may serve to fee ability of the bicychc nucleator to impart higher crys- 

assist in clarity improvement of the polyolefin, or they may taHization temperatures and simultaneous lower haze mea- 

function to improve other properties of the polymer. Other surements to such target thermoplastics. Thus, instead of 

examples include acrylic acid and vinyl acetate, and the like. relying upon inclusion of large amounts of anticaking agents 

Examples of olefin polymers whose transparency can be 20 during initial bkyclic nucleator storage, it is thus possible to 

improved conveniently according to the present invention delay addition of such large amounts, thereby permitting an 

are polymers and copolymers of aliphatic monoolefins con- optimization of greater amounts of the nucleator compound 

taining 2 to about 6 carbon atoms which have an average to be stored at the highest available level of anfceaking 

molecular weight of from about 10,000 to about 2,000,000, (anti-agglomeration, anticementation, etc.), without needing 

preferably from about 30,000 to about 300,000, such as, 25 to include larger amounts of such agents that would not 

without limitation, polyethylene, linear low density contribute any fiuther reductions in cementation propensi- 

polyethylene, isotactic polypropylene, syndiotactic ties during storage. 

polypropylene, crystalline etbylenepropylenc copolymer, The target thermoplastic composition may then be pro- 

poly(l -butene), polymethylpentene, 1-hexene, 1-ootene, and cessed and febricated by any number of different techniques, 

vinyl cyclohexane. The polyolefins of the present invention 30 including, without hmitataon, injection molding, injection 

may be described as basically linear, regular polymers that blow molding, injection stretch blow molding, injection 

may optionally contain side chains such as are found, for rotational molding, extrusion, extrusion blow molding, sheet 

instance, in conventional low density polyethylene, extrusion, film extrusion, cast film extrusion, foam 

Although polyolefins are preferred, the nucleating agents extrusion, thermoforming (such as into films, blown- films, 

of the present invention are not restricted to polyolefins, and 33 biaxially oriented films), thin wall injection molding, and the 

may also give beneficial nucleation properties to polyesters like, into a fabricated article. 

such as polyethylene terephthalate (PET), polybutylene The term anticaking agent is intended to encompass 

terephthalate (PBT), and polyethylene naphtbalate (PEN), as compounds and compositions that impart eflfecuve preven- 

well as polyamides such as Nylon 6, Nylon 6,6, and others. tion of stacking and agglomeration within powders of the 

Generally, any thermoplastic composition having some ays- 40 bicychc nucleators defined in Figures (I) and (It), above, 

talline content may be improved with the nucleating agents such that compaction and growth of stored powders of such 

of the present invention. type are minimal at worst, and nonexistent preferably. Thus, 

The compositions of the present invention may be compaction properties such that a metal rod can be 

obtained by adding the aforementioned anticaking additive depressed though to the bottom of a glass vial (the protocol 

plus saturated bicyclic dicarboxyKc salt (or combination of 45 described in greater detail below) and an increase m volume 

salts or composition comprising such salts) formulation to ofa sample powder of at most 5% of the initial measurement 

the thermoplastic polymer or copolymer and merely mixing within the 'long-term elevated temperature and humidity 

the resultant composition by any suitable means. Generally, storage test" (again, outlined in greater detail below), pref- 

commerrial production methods utilize low-intensity mix- erabty exhibiting no volume increase at all, properly defines 

ing procedures for both blending additives together, as well so the compounds intended to be within the scope of the term 

as polymer components and additives. On some occasions, "anticaking agent" for purposes of this invention. In the 

high-intensity is employed, and may be desirable, for these presence of such agents, foe preferred saturated chcarboxy- 

purposes. For the purposes of this invention, examples late salt nucleator compounds are prevented from interacting 

utilizing both types of mixing procedures for the additive and cohering together due to the ability for such agents to 

and/or polymer plus additives blending methods were pro- 53 easily arrange themselves between plates of such salt com- 

duced and tested. pounds. Thereby, cementation is prevented, and volume 

Alternatively, a concentrate containing as much as about expansion (growth) is reduced (since propensity of interac- 

20 percent by weight of the potentially preferred saturated tion of like charged compounds is diminished as well). 1 ne 

[2.2.1] salt in a polyolefin masterbalch comprising foe presence of such a coinpoucnt appears to fecihtate clann- 

required acid scavenger may be prepared and be subse- «o cation to the resultant thermoplastic (preferably, 

quently mixed with the target resin Furthermore, the inven- polypropylene) with simultaneous higher crystaUization 

five compositions (with other additives potentially) may be temperatures. Such a result is highly unexpected, although 

present in any type of standard thermoplastic (e.g., extremely useful. Particular anticakmg agents useful include 

polyolefin, most preferably) additive form, including, with- silica gels and treated silica gels (such as the silica gels 

out limitation, powder, prill, agglomerate, liquid suspension, « available from WJl. Grace Company umkr^ traajname 

and the like, particularly comprising dispersion aids such as SYLOBLOO&), talc, dihydrotaicites (DHT-4A, tor 

polyolefin (e.g., polyethylene) waxes, stearate esters of example, from Mitsui Chemicals), calcium stearate, and any 
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otto type of compound or composition mat effectively Production of Nucleating Salt 

prevente%te-to-plate interactions between the aforcmen- lb a solution of disodrum tecrydo[2 2Jlhept-5^e-2,> 
tioned nucleator compounds (bteychc dicarboxylate salts). dicarboxylate (30.0 g) in water (70 g) was added U5 g 
particularly those compounds and/or compositions that also palladium on activated carbon (5 wt %). The mixture was 
exhibit an electrical <marge opposite that of the nucleating 3 transferred into a Parr reactor and was subjected to hydro- 
salt itself (thereby pennitting reduced propensity fodusting Eenat i ori /50 psi, room temperature) for 8 hours. The acti- 
and/or growth). Other examples may be found within U.S. *. .^j.^ f\]xaed out, and the resultant solution was 
Pat Nos. 5,728,742 and 4,734,478; such references M to ^ to give a whitc powder (m.p>300° C). Spray 
teach the combination of nucleatcrs with such agents, only accomplished via a spray dryer using a rotary 
the presence of such compounds withm water-sojuble poly- ^JteSaAtomto speedsrt at 9 600 rpm with the 
mers themselves to prevent caking of such materials. 10 ^^Z^^T m ^^204-^0S o cl and the 
Air-jet milling of the hicyclic nucleator together with the mlet temr^anfliure set at wu *. \;£g? v y\^ m <> 
ar*£a^3 has surprisingly been found to impart the outlet ternpaature kept between 220-225 K^W 
aforSoled tower toSased peak crysaStion answer* Sit?2 it^e-2 3 
temperature for target thermoplastic articles, mere has been expected ?*^ f 

no discussion of any such procedure being followed within is dicarboxylate (hereinafter referred to as HPN-68, whether m 
polymeric articles, let alone thermoplastics. The particle size spray dried or other form). _ . 
of the final air-jet milled product (made from a mix of Initial Particle Sue Distnbuhon, Nucleaton, Clanncauom 
powders of the two components mat are air-jet milled Compaction, and Growth Tests _ 
simultaneously) is thus of relative importance to impart the The spray dried HPN-68 nucleator powders were initially 
best overall haze and peak crystallization temperatures & analyzed for particle size distribution measurements. Such 
within such thermoplastics. However, it is important to note were taken by employing the following method: 
that the mere mixing ofanticaking agents with the particular Laser Light Scattering Particle Size Measurement 
bicyclic nucleators disclosed herein is sufficient to prevent p or ^ purposes of the herein described invention, par- 
tite problematic cementation issues by themselves, without ^ ^ measuxcmen ts of all nucleator powders (whether 
the need for air-jet milling. Thus, although air-jet milling is (jricd or air jet-milled, or including an anticaking agent 
considered a referred embodiment for this invention, there fafa* were ccrnducted using a MICROTRAC® XIO0 laser 
is no intention to require such a step is absolutely necessary scatterma instalment The size was calculated from a 
for full practice and success with this nucleator technology. ^^Zcm that developed because of laser light 

A further surprising result ^rM^^^rm^ ^Z^Z te particles. Wangles at which the tight 

tor techno ogy di^tosed herem is that wto to^cafang ^^M^tSS^^^t intensities of me 

agent is air-jet milled with such a nucleator compound, a 30 wa ^J^r" JZZJIZZa w a liaht^tttive detector 

dramatic low-dusting result is accorded It is generally scattered light were measured *aJ£M» itw 

accepted with the powdered expounds art (of any kind), system. The elec^ va^ toe^ ^ ^detector 

not to mention, specifically, within the powdered thermc- system were used to calculate the volume of particles as a 

plastic nucleator arUbatair-jet mifling to low particle sizes function of particle size. The distributed provided the oppor- 

raore likely than not will result in dusting problems. Such a 33 tunity to calculate many parameters such as the mean 

result is noticeable, as one example, when a storage con- volume diameter or D4.3 value also known as the MVD (a 

tainer is opened initially; dust materials will float from the weighted arithmetic mean for the particle diameter weighted 

container itself; thereby dusting the area, with the possibility try volume of the sample) and the 95* percentile or the D95 

of contammating machinery, people, clothing, etc. The air- maximum size of 95% of all the particles within 

jet milled bicyclic nudeator/aimcaking agent combination 40 tested sample) (wherein diameter is the equivalent 

does not exhibit an appreciable level of dusting, to the spherical diameter of all such samples, knowing that perfect 

contrary. Without intending to be bound to any specific spherical configurations and thus measurements are most 

sdentiric theory, it is believed that the electrical charge on unavailable for such measurements). It also allowed 

the anticaking agent basically neutralizes the opposite 0 f percentiles in order to divide the distribution 

charge present on the bicyclic nucleator corrirx>imds Airing soe cmc nercectage amounts. These values were used to 

storage. As like charges repel, without sacralization size characteristics, 

the bicyclic nucleator cornp*unds wilTmost ^ J**"* ^ejSSS transfer of a representative 

another causing dusting problems as a result. The anticakmg oT^miaeator rjowder directly to the instrument 

agent thus through charge M ^SdS^^^^S^ that would not 

amounts, may prevent nucleator repulsion, thereby reducing "tna ™^2T «n MMnic chemical 

the production V dust after storage. In any event, such a » dissolve the powder. In this case, an orgamcjaiemw 

ST^gain, highly surrjrisml for small particle size specifically, in this instance, branc^r^fto 

afrjet SwwS available from Exxon Corporation under the tradename 

Air jettnilled compounds are preferred for this invention ISOPAR® G was used to suspend the wa^soluble powder 

due to low dusting during storage, rjetterar#amt dispersion Food-grade lecithin was added to the ISOPAR® o paranm 

within target molten thermoplastics, and thus overall the ss to enhance wetting and maintain final dispersion of the 

ability of such small, substantially uniform particle size powder particles. Ultrasonic energy was applied to separate 

nucleator formulations (nucleator plus anticaking agent, at the suspended particles that stuck together (agglomerated), 

least) to provide increased peak crystallization temperatures instrument was then activated to collect the scattered 

and decreased haze measurements in target mennoplastic yght and calculate the particle size distribution and 

articles, as well as reduced propensities for cementation and M ya^us distribution features. 

growth during storage. More specifically, powder was transferred to a solution of 

PREFERRED EMBODIMENTS OF THE ISOPAR® G paraffin that included 0.07% (W/V) liquid soy 

INVENTION bean lecithin that was already circulating withm the instru- 

This invention can be former elucidated through the *ent The flow ate wasopti^ 

follo^mT exSes where examples of r^cul&riy pre- *s agitation in order to suspend all particles without causing 

IXSrX^ tobies in tte circulating ^.^^T^S 

arepresented. was then added in an amount to achieve sufficient scattered 
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light for measurement without causing optical effects such DSC according to ASTM D-794-85. This method involved 

as multiple scattering, which can induce errors. A proper heating the specific polypropylene composition from 60 C. 

amount of powder will provide an approximate transmission to 220° C. at a rate of 20° C per inmute to pro<^ a^ttm 

value of 90% or obscuration vame of 10% fbllowing ultra- formulation and held at the P^^f^^X 

sonic treatment lvalues of transmission in this instance 5 for complete meltmgtiiei^ ^SSSKZa^ 

amount ofpowder added ranged from approximately 10 mg toSraoed as the peak maximum during the 

* ^n W ^^ cr^nzation exotherm. Haze Stes the transparency of 

mately 250 ml of ISOPAR® GAecithm solution. The weigh- * ^. ^ mcasures &e of sumcientiy 

ing dish used was washed with the circulating fluid solution 10 . J scattering crystals present therein via Hunter 

to ensure quantitative transfer of the powder from the dish Et&zn&tt. 

into the circulating solution. jne results for the nucleator salt (hereinafter referred to as 

Calculations were performed on the scattered light signals HPN-68) at different concentrations within the HP sample 

that were measured by a silicon light sensitive detector plaques, were as follows: 

system, 7b correct for light scattering optical effects that 15 

occur as a property of the material in relation to the EXPERIMENTAL TABLE 1 

suspending fluid, Mie scattering calculations or modifica- — — 

tioas were USed. These Calculations include the USe Of Performance of Bicvclic Nucleator* m Polypropylene Homooolvrnw 

reactive inte o f &e nm toial and the suspending fluid. The s^ NttelaBtor(ppm) oyuoiHz.tioaTemp.cc.> h-m 

refractive index of BOPAR® G is documented to be 1 .42. 20 ZZZ 

The refractive index of the powder materials wa s found to be hpn-6* <sp» y Dnedxsoo) 1^ 31 

1 ,54 using the well-accepted Becke line light microscopic £w S?^!^?> \f'° n !! 

method. For the spray dried HPN-68 powders alone (without ^ff^f^CQ) 1^0 43_ 

anticaking agents), the distributions were recorded as a D95 

of 1263 micrometers and a MVD of 51 .1 inicrometers. 25 The resultant powder sample was also placed in a glass 

Furthermore, thermoplastic compositions (plaques) were vial with such that the top layer was flat within the viaL This 

produced comprising the above-produced nucleator salt level was indicated with a black marker. The vial was then 

without any further treatment (e.g., spray drying, air jet- exposed to U0« E and 95% hmnichry in a Ttenney Twenty 

milling) and sample homopolymer polypropylene (HP) res- Conditioning Chamber for 7 days (hereinafter the Seated 

ms^ne^lc^batcheVof targ^^Ty^opylene were 30 high-humidity test"). THe powder was subsequently 

iced m aSSance with thefollowkgS: observed for volume expansion (growth) and comp^on 

H 6 (cementation). A steel spatula was used to determine if the 

powder was compact If it was easy to push the spatula 
through the powder to the bottom of the vial, it was labeled 



Component Amount increased more than 5% over the initial volume measure- 

7- : — — — rrz TTTT ~ ment during conditioning over the 7-day period, then growth 

(Sciu speciaky ArMitivca) exhibited compaction as well as significant growth (the 

tgafo* <s 168. secondary Antioxidant 1000 ppm 40 powder grew so much mat it "domed" by forming a menis- 

(from cit» Specially Additivea) cus well above the marked black line), above 10% of the 

Calcium Stearate 800 ppm original volume. 

Nucleator e» a&ted j^us, these cementation and growth problems coupled 

. with the high haae and potentially low peak crystallization 

The base HP and all additives were weighed and then 45 temperatures noted previously associated with these spray 

blended in a tow-intensity mixing procedure using a 6 liter dried HPN-68 samples, it was reasoned that reducing the 

Kemutec Ribbon Blender for 5 minutes at 110 rpm. All particle sizes may contribute to better overall properties for 

samples were then melt compounded on a KMion single this highly effective thermoplastic nucleator. 

screw extruder at a ramped temperature from about 200° to Initial Inventive Salt Processing 

235° C. through four heating zones. The melt temperature so Therefore, another HPN-68 nucleator salt sample was 

upon exit of the extruder die was about 245° C. The screw produced, as above, collected and either high-intensity 

hadadiameterofabom2.5cmandalenguVdiameterrano mixed or milkd on a Rotajet milling instalment, with the 

of 24:1 and was equipped with a 60 mesh (250 micron) belief that decreasing the particle size of the nucleator 

screen. Plaques of target polypropylene phis nucleator were compound could potentially improve the performance of 

then molded on an Arburg 25 ton injection molder (with a 55 such conipounds in thermoplastics as well as possible 

barrel temperature set at 230° C). The plaques had dimen- improve the storage stability characteristics as well Such a 

sionsofabom50mmx75rnmxl.25mm, and the mold had high-intensity mixing procedure involved treating 

a mirror finish. The mold cooling circulating water was (combining) the already-spray dried HPN-68 powders 

controlled at a ternperature of 25° C. together with the polypropylene granules and other additives 

The resultant plaques were tested for peak crystallization 60 within an 8 liter Papenmeier-type mixer for 1 minute at 

ternperatures (by Differential Scanning C&orimetry) and about 1600 rpm. Air jet-milling involved utilization of a 

haze (through utilization of a hazemeter). Peak crystalliza- mridized bed opposed jet grinding mill with a turbine 

tion temperature is a predictor of the cooling time needed to classifier (from Fluid Energy). In such an instrument, the 

form a solid article in a molding process. The higher the speed of the turbine and the airveioctty can be used to 

peak crystallization temperature, the less cooling time is 65 control the particle size distribution produced therefrom, 

required to form the desired solid part The polymer peak The resultant air jet-milled samples were tested for particle 

crystallization ternperature (T c ), was measured by using size distribution in the following manner: 
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In terms of cementation and growth, the same problems 
were present after testing withm glass vials through the 
high-temperature humidity test as noted above for the air 
jet-milled samples. Growth (and the same "doming** prob- 
lem for the spray dried HPN-68 samples) and cementation 
were exhibited by these air jet-milled samples, thereby 
indicating me need for a different approach to remedying 
such issues. 

Furthermore, the particular air jet-milled powders were 
also tested for peak crystallization temperatures and haze 
within HP plaques (as above). In order to determine the 
efficacy of such air jet-milled samples in different commer- 
cial situations, such samples were blended with the polymer 
(here, HP granules) in bom low- and high-intensity blending 
processes. Such a high-intensity mixing procedure involved 
blending the HP granules and nucleator compounds in an 8 
liter Papenmeier-type mixer for 1 minute at about 1600 rpm 
(as above); tow-intensity mixing Mowed the same proce- 
dure with the 6 liter Kemutec ribbon blender as noted 
previously. 

The results, for both tests* as well as the particle size 
measurements thereof, are listed in the following table for 
the HPN-68 nudeator powders from above (both air jet- 
milled and spray dried, high-intensity mixed nucleator 
powders), with both high^intensity blended with HP gran- 
ules prior to melt processing (High-Intensity below indicates 
the treatment accorded spray-dried cc>mpounds prior to any 
further mixing; Air Jet-Milled indicates such a step rather 
man initial spray-drying). Examples 1-4 were resins includ- 
ing air jet-milled HPN-68 nudeator compounds; Examples 
5 and 6 included spray-dried nudeators, but high-intensity 
blended with the HP resin. 

EXPERIMENTAL TABLE 2 

Particle Size* of Small Particle Size HPNf-68 Nucleolars and 



Performance Thereof in fofrpyoyyfere ftapopofagH. 



Sample 


a D95 (microns) 


MVD 


pptn nv HP 


94Haza 


T.(C°) 


1 


w 


16 


1500 


42 


125.2 


2 


04 


16 


500 


47 


123.1 


3 


94 


16 


1500 


354 


125,5 


4 


94 


16 


500 


39.6 


125.1 


5 


126.3 


SU 


1500 


315 


126.3 


6 


126.3 


5\A 


500 


30.6 


125.1 



Thus, for both physical particle size reduction steps, haze 
and peak crystallization temperature were essentially the 
same, with better results for the high- intensity mixed spray- 
dried types. This result is most likely due to the fact that 
although the air jet-milled particles are smaller in size, mey 
have a propensity to agglomerate at a relatively high rate as 
well, thereby increasing the overall size of the compounds 
requiring dispersion within the target resin. Thus, the low- 
intensity mixing with the resin apparently fails to properly 
deagglomerate the nudeator prior to polymer article 
formation, resulting in much higher haze results and some- 
what lower crystallization temperatures. Furthermore, under 
the aforementioned high-temperature humidity test, it was 
found mat similar cementation and growth results were 
exhibited between the spray dried types and the smaller air 
jet-milled particle samples. Therefore, it was reasoned that 
a different approach utilizing such small particle-sized 
nucleator salts were necessary to provide the best overall 
commercial viability of such highly desired thermoplastic 
nucleating agents. 
Inclusion of Anttcaking Agents 

It was then theorized that the presence of an anticaldng 
agent (or dispersant) after salt production and/or prior to 
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storage may aid in preventing such agglomeration 
(cementation) problems. A number of types were tested 
including silica gei, silica gel treated with 50 wt. % of 
eurucamide (C 32 fatty amide) (SYLOBLOC© M250), cal- 
cium stearate, talc, DHT-4A, calcium carbonate, magnesium 
sulfate, sodium sulfate, and calcium sulfate, all as oon- 
lirniting types for such a purpose. The nudeator/anticaking 
agent formulations tested were as follows, with the amounts 
listed as weight % of the total combination of the formula- 
tian components: 



FORMULATION TABLE 



15 



20 



Sample 


HPN-68 


Anticaking Agent and Amount (wt %) 


Label 


Amount (wt %) 


A 


70 


SYLOBLOC «> M250 (30) 


B 


70 


SYLOBLOC $48 (30) 


C 


70 


Calcium Staarate (30) 


D 


70 


Talc (30) 


E 


70 


DHT-4A<30) 


F 


70 


SYLOBLOC M250 (30)* 


a 


70 


Calcium Carbonate (30) 


H 


70 


MagBCfium Sulfite (30) 


I 


70 


Sodium Sulfate (30) 


I 


70 


Calcium Sutfate (30) 



23 These formulations were blended together through high- 
intensity mixing (Prebknd), except for *» which was 
blended, then air jet-milled using the same procedure as 
noted above for such mining. 
About 20 grams of the blends (powders) of each Sample 

30 from the previous Table were placed in separate glass vials 
and subjected to me high-temperature humidity test as 
discussed above, and evaluated (after the 7- day period) for 
volume expansion (growth) and cementation. The results 
were as follows : 

35 

EXPERIMENTAL TABLE 3 



Growth and Cementation Performance of 
Mucteatof/Anticaking Agent Formulation* 



40 Sample Growth (Yb or No) Cementation (Ye* Of No) 



45 



HPN-68 (done) 


Yea 


Yes 


A 


No 


No 


B 


No 


No 


C 


No 


Ho 


D 


No 


No 


E 


No 


No 


F 


No 


No 


G 


Yes 


Yea 


H 


Yes 


Yea 


I 


No 


Yea 


J 


No 


Yea 



Tims, Samples A-F provided the desired results, whereas 
the others surprisingly foiled at least one of the tests for 
bng-tenn storage stability and ultimate usefulness for the 

55 resin producer. Tmis, Samples A-F proved to be the most 
effective additives for mis purpose as stacking and agglom- 
eration were not empirically observed. 

The Sample A and F Wends (of HPN-68 nucleator and 
SYLOBLOC® M250) from the Formulation Table, above, 

60 were then utilized for further testing, including particle size 
distribution, HP haze levels, and HP peak crystallization 
temperatures (following the same test protocols as noted 
above). It was surmised that particle size manipulation could 
be attained to the level necessary to effectuate the low haze 

65 and high peak crystallization temperature properties desired, 
as well as accord the needed low cementation and growth 
characteristics tor long-term storage via three different pro- 
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cedures involving (he inclusion of an anticaking agent with 
the high performing tricyclic nucleator compounds: 

a) simultaneously air jet-milling the nucleator and anti- 
caking agent together, 

b) adding the anticaking agent to previously air jet-milled 
nucleator compounds, 

c) high-intensity muring previously spray-dried nucleator 
compounds with the anticaking agent and HP resin. 
Comparative results were likewise obtained for 
samples with both spray-dried and air jet-milled 
nucleator/anticaking formulations (low intensity-mked 
with the HP granules) as well to determine it particle 
size was important for such desirable improvements. 
Different combinations ofHPN-68 and SYLOBLOC® 
M250 samples (in terms of ratios of parts) were 
blended with the target resin formulations prior to 
melting in accordance with these different procedures. 
The ultimate resin formulations were compounded on a 
single screw extruder, then molded into plaques (as 
above) and tested for the noted haze and peak crystal- 



pcratures and noticeable reductions in haze levels when 
compared to plaques produced with the nucleator alone, 
whether physically treated to reduce particle size or not. 
Furthermore, it is evident that Mgh-mtensity mixing pro- 
vides improvements over low-intensity mixing in these 
characteristics as well and the addition of the anticaking 
agent within the molten thermoplastic during manufacture 
unexpectedly provided similar results within the ultimate 
article. Thus, one embodiment of mis invention basically 
requires the presence of small particle-size bicyclic nuclea- 
tor compounds alone or in combination with co-milled or 
co-spray dried anticaking agents, or separately introduced 
anticaking agents within the thermoplastic manufacturing 
process in order to provide unexpectedly good improve- 
ments in physical and optical properties within ultimately 
15 produced thermoplastic articles, with the co-milled powders 
and high-intensity resin blending procedures providing the 
optimum results (particularly at 80/20 nucleator to anticak- 
ing agent ratios). Furthermore, the inventive co-miiied and 
co-spray dried small particle size powders of the inventive 



10 



totionjemperatnre characteristics, ^ all as d%cossed ^ jjueleator/anu'caking agent formulations provide unexpect- 
..u. ~ - frt -~ 1 u ediy improved physical properties within the stored powders 

in terms of cementation and growth (although the presence 
of anticaking agents alone appear to provide benefits m such 
an instance and thus small particle sizes are not always 
required). 

Having described the invention in detail it is obvious mat 
one skilled in the art will be able to make variations and 
modifications thereto without departing from the scope of 
the present invention. Accordingly, the scope of the present 
invention should be dcternnnedoaty by me claims appended 
hereto. 
That which is claimed is: 
1. An additive formulation comprising: 
(a) at least one nucleating compound conforming to the 
structure of Formula (!) 



above. The results were as follows [the letters a, b, and 
c indicate the same procedures as noted above; the label 
"comparative" after such a letter indicates the samples 
were low intensity-mixed with the target resin 
granules}, for particle sizes (taken prior to blending 
with the resin granules; if high intensity-mixing was 
followed for blending with the target resin granules, 
then no particle size measurements were made), haze, 
and peak crystallization temperature measurements. 
The ratio indicates the number of parts of nucleator to 
number of parts of anticaking agent within such a 
formulation; thus, 70/30 indicates 70 parts HFN-6S to 
30 parts SYLOBLOO& M250): 

EXPERIMENTAL TABLE 4 

Particle Siste of inventive end Comparative 
KPN-68 Nucleator/SYLOBLOC ® M250 
. Fomauintorja oad Performance Thereof 



30 





D95 




ppm hj 







Ratio Blend 


(microns ) 


MVD 


HP 


<KHa» T # (C") 


90/10 a Comparative 


3*60 


122 


560 


42.8 


123.1 


80/20 a Comparative 


3.44 


2.11 


625 


41.7 


123.3 


70/30 a Comparative 


4.77 


2,78 


715 


45.0 


123.0 


90/10 a Comparative 


3.60 


2.22 


1670 


35.7 


125.2 


80/30 a Comparative 


3.44 


111 


187$ 


34.6 


1253 


70/30 a Comparative 


4.77 


178 


2145 


3*5 


125.0 


$o/io a 


3,00 


2.22 


1670 


27.8 


126.0 


80/20 a 


3.44 


2.11 


1875 


24,6 


126.6 


70/30 a 


4.77 


2.78 


715 


380 


123.0 


70/50 a 


4.77 


278 


2145 


240 


126.8 


95/5 h 






525 


39.2 


324.8 


00/10 b 






555 


38.2 


1252 


85/15 b 






550 


39.0 


124.8 


80/20 b 






625 


38.6 


124.7 


70/30 b 






715 


38.2 


124,8 


50/50 b 






1000 


33.2 


125.2 


95/5 b 






1580 


30,* 


12M 


90/10 b 






1665 


31.0 


126-4 


85/15 b 






1765 


28.8 


126.6 


80/20 b 






1873 


27.8 


126.8 


70/30 b 






2145 


25.0 


127.0 


50/50 b 






3000 


27.7 


126.0 


70/30 b Comparative 






713 


48.6 


1213 


70/30 b Comparative 






2145 


41.4 


1244 


70/30 < 






713 


38.0 


124.8 


70/30 c 






2143 


25.0 


127.0 


70/30 e Comparative 






713 


49.9 


1210 


70/30 c Comparative 






2143 


43.6 


1244 



35 



40 



45 



50 




60 



Surprisingly, the inventive small particle-size samples 
exhibited drastic increases over peak crystallization tern* 



65 



wherein R„ R* R„ R*, R s , R«, R?» R* R 9> and R l0 are 
independently selected from the group consisting of 
hydrogen, C,-C* alkyl* hydroxy, C t *Co aBcoxy, C t -C tf 
alkyleneoxy, amine, and C r C 9 afleylamine, halogen, 
phenyl alkylphenyl, and geminal or vicinal carbocy clic 
having up to nine carbon atoms; 

wherein R* and R" are the same or different and are 
individually selected from the group consisting of 
hydrogen, Cj-C^ alkyl, hydroxy, amine, polyamine, 
polyoxyamine, C^C J0 attylamine, phenyl, halogen, 
C1-C30 aikoxy, Cj-C^ polyoxyalkyl and esters; and 

wherein said nucleating compound is provided in the form 
of particles, said particles having a D95 size range of 
less than or equal to 94 micrometers at a mean volume 
diameter (MVD) of about 16; and 

(b) an anticaking agent, said ami-caking agent comprising 
one or more substances selected from the group con* 
sisting of: silica gel; talc, dmydrotalcite; and metal 
carboxyiates; and 

wherein said anticaking agent is provided in a weight ratio 
of anticaking agent to nucleating compound of from 
about 10:90 to about 30:70. 
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2. An additive formulation, wherein said additive fonnu* 
lation comprises in part: 

(a) an anti-caking agent and 

(b) a nucleating compound, wherein said nucleating com- 
pound conforms to the structure of: 




10 



15 



20 



wherein M, and M 2 are the same or different and are 
independently selected from the group consisting of 
metal cations; and 

R, , R 2 , R* R 4 , R 5 » R* R 7 » ** *» R io *** 
dently selected from die group consisting of hydrogen, 
C r C P alkyl, hydroxy, C r C 9 alkoxy, C r C 9 
alkyleneoxy, amine, and C r Q> aikylamine, halogen, 
phenyl, alkylphenyl, and C t -Cp carbocyciic 

wherein said metal cations are selected from the group 
consisting of calcium, strontium, barium, magnesium, 
aluminum, silver, sodium, lithium, rubidium, and 23 
potassium 

wherein said nucleating compound is provided in the form 
of particles, said particles having a D95 size range of 
less than or equal to 94 micrometers at a mean volume 
diameter (&^)ofabout 16; and 30 

wherein said anti-caking agent comprises one or more 
substances selected from the group consisting of: silica 
gel; talc, dihydrotacite; and metal carboxylates; and 

wherein said anti-caking agent is provided in a weight 
ratio of anti-caking agent to nucleating compound of 3S 
from about 10:90 to about 30:70. 



3. The additive formulation of claim 2 wherein said metal 
cation is calcium. 

4. The additive formulation of claim 2 wherein said metal 
cation comprises sodium 

5. The additive formulation of claim 2 wherein said 
anti-caking agent comprises a silica gel. 

6. A thermoplastic article comprising the additive formu- 
lation of daim 1, said article further comprising at least one 
polyolefin. 

7. A thermoplastic article comprising the additive formu- 
lation of claim 2, said article further comprising at least one 
polyolefin. 

8. Tie additive formulation of claim 2 wherein said 
nucleating compound comprises disodium[2.11]heptane-2, 
3-dicarboxylate. 

9. The additive formulation of claim 5 wherein said 
nucleating compound comprises disodium[2.11Jheptane-2, 
3-dicarboxylate. 

10. The additive formulation of claim 1 wherein said 
particles comprise a D95 size of less than or equal to about 
10 microns at a mean volume diameter (MVD) of 7.5. 

U, The additive fonnulation of claim 10 wherein said 
nucleating compound and anticaking agent are provided in 
a ratio of nucleating compound to anticaking agent of about 
80:20. 

12. The additive fonnulation of claim 2 wherein said 
nucleating compound and anticaking agent are provided in 
a ratio of nucleating compound to anticaking agent of about 
80:20. 

* * * * * 



